ABSTRACT Surveys were conducted at four Texas Army National Guard training facilities to assess the natural distribution and prevalence of Thelohania solenopsae Knell, Allen and Hazard infection in polygynous imported Þre ants, Solenopsis invicta Buren. T. solenopsae was found at three of the four training facilities; intercolonial prevalence ranged from 9 to 47%, and worker prevalence ranged from 0.15 to 0.57. A plot containing Þre ants infected with T. solenopsae at one of the training facilities was monitored for 2 yr to determine whether natural infection rates ßuctuate over time, whether infection affects colony size, as indicated by mound volume, and whether there was a relationship between climate and infection prevalence. At this site, intercolonial prevalence ranged from a high of 47% in July 1999 to a low of 11% in October 2000, and mean worker prevalence ranged from 0.20 to 0.57. Mound volume of infected colonies was consistently less than the volume of uninfected colonies. There was no correlation between temperature or precipitation and proportion of infected colonies, but there was a positive correlation between colony density and percentage of infection with T. solenopsae.
MICROSPORIDIA ARE UNICELLULAR, obligate, intracellular parasites of a wide range of animal taxa, including Thelohania solenopsae Knell, Allen and Hazard and Vairimorpha invictae Jouvenaz and Ellis, which have been described from imported Þre ants, Solenopsis invicta Buren. Research on T. solenopsae is providing evidence that this pathogen may be an effective biological control agent for S. invicta (Jouvenaz et al. 1977; Briano et al. 1995a Briano et al. , 1995b Briano et al. , 1995c Williams et al. 1998 Williams et al. , 1999 Oi et al. 2001; Oi and Williams 2002) . Reduced densities of Solenopsis richteri Forel in South America are correlated with the presence of T. solenopsae (Briano et al. 1995a (Briano et al. , 1995b , and laboratory studies demonstrated that S. richteri and S. invicta colonies infected with T. solenopsae had signiÞcantly less brood and adults than control colonies and that infected queens exhibited reduced fecundity and early death Williams 1997, Williams et al. 1999) . Furthermore, Þeld inoculations of polygyne S. invicta colonies with T. solenopsae-infected Þre ant brood reduced Þre ant populations (Williams et al. 1999, Oi and .
When using a pathogen for biological control that is found in natural habitats, infective stages must be introduced at a net rate greater than the rate at which they are produced in the natural, unmanaged system (Anderson 1982) . Aside from the initial survey documenting the presence of T. solenopsae infection in S. invicta, (Williams et al. 1998) , there have been no long-term Þeld studies of naturally occurring T. solenopsae infections of S. invicta in Texas. My objective was to assess the natural distribution and prevalence of T. solenopsae infection of S. invicta at four locations in Texas and investigate its effect on S. invicta colony density and mound volume at one of those locations.
Materials and Methods
All research was conducted at four Texas Army National Guard (TXARG) training bases: Camp Swift (13 km S of Elgin, Bastrop County), Camp Maxey (13 km N of Paris, Lamar County), Fort Wolters (5 km NW of Mineral Wells, Parker County), and Camp Bowie (3 km S of Brownwood, Brown County). With the exception of Þring ranges and roads, these training facilities are large, relatively unmanaged tracts of land.
An exhaustive survey of all accessible areas, conducted in June 1999, showed that Camp Swift had high-density pockets of polygynous S. invicta separated by large tracts of very sandy soil containing lower densities of Þre ants. One of these pockets (N30Њ16.730ЈW97Њ19.705Ј) was infected with T. solenopsae. I established a 60-m 2 plot in this pocket, and a second plot of identical dimensions was established in a location free of T. solenopsae infection (N30Њ15.485Ј W97Њ17.772Ј). Straight-line distance between the two sites was 3.86 km.
I ßagged and counted all colonies within each plot to determine initial mound density and recorded the length, width, and height of each colony for calculating mound volume using the formula of the hemispheroid (Porter et al. 1992 , Briano et al. 1995a ). I inserted a 50-ml centrifuge tube into the center of the mound to collect samples of Þre ants from each colony. The inner wall of the centrifuge tube was dusted with talcum powder to prevent the ants from escaping. Centrifuge tubes were left in the mound for a minimum of 15 min to ensure that an adequate sample of ants was collected. After removal from the mound, centrifuge tubes were capped and kept on ice during transport to the laboratory. Samples were frozen until screening for the presence of microsporidia. To determine intercolonial prevalence, 100 Ð200 frozen ants per sample were ground in a tissue grinder with 2Ð 4 ml of water; and I examined one drop of the aqueous extract with phase-contrast microscopy at 400ϫ for the presence of T. solenopsae spores. To determine the prevalence in worker ants, 30 workers from all positive samples were individually dissected and examined for T. solenopsae spores. The above procedures were repeated every 60 Ð120 resampled three of the four plots. However, Þre ants were absent from one plot. Fire ants were very scarce at site 3, so sampling was expanded at that site to include an additional 0.5 ha. In June 2001, I returned to Camp Maxey and was able to sample three of the four plots, but Þre ants were absent from the fourth. However, the lost plot was replaced with a Þfth 0.2-ha plot (Site 5: N33Њ43.398Ј, W95Њ31.721Ј). Samples and mound dimensions were measured as previously described.
As Briano et al. (1995a) pointed out, many physical features of Þre ant colonies, including mound volume, vary between soil types and climatic conditions. Therefore, I used two-sample t-tests to compare volumes of infected and uninfected Þre ant mounds, following normalization of the volumes using the square-root transformation, from a single location (SigmaStat 1997). I used linear regression analysis to relate the intercolonial prevalence of T. solenopsae to Þre ant colony density, to total precipitation and to average daily temperature 30 d before each sampling date (SigmaStat 1997).
Results and Discussion
Fort Wolters. In June 2000, a minimum of 14 samples was collected from each of four sites at Fort Wolters and three of the four sites tested positive for microsporidia (Table 1) . At site 1, 17 of 25 colonies were infected with T. solenopsae and worker prevalence ranged from 3 to 47%. There was no signiÞcant difference between the mound volume of infected colonies and uninfected colonies (Table 1 ; t ϭ Ϫ0.0289; df ϭ 23; P ϭ 0.977). All colonies at site 2 were uninfected. At site 3, 22 of 33 colonies were infected with T. solenopsae, but there was no signiÞcant difference between mound volume of infected and uninfected colonies (Table 1 ; t ϭ 0.210; df ϭ 31; P ϭ 0.835). Worker prevalence ranged from 7 to 23%. At site 4, 3 of 14 colonies were infected with T. solenopsae, and the worker prevalence for the three infected colonies was 0.07, 17, and 30%. There was no signiÞcant difference between the mound volume of infected colonies and . a There were no signiÞcant differences between mound volume of infected and uninfected colonies at the sites harboring T. solenopsae infection.
uninfected colonies (Table 1 ; t ϭ Ϫ1.575; df ϭ 12; P ϭ 0.141).
In 2001, mound density was less than in 2000 at sites 3 and 4, and there were no active mounds at site 2 (Table 1) . Of the 27 samples collected from site 3, only 12 were in the original 0.2-ha plot, and there were only four active mounds at site 4. Site one was the only area that still had a high density of Þre ants. This may be because this site was located around a permanent body of water. Sites 1 and 3 were still infected with T. solenopsae a year after the initial sampling. However, the percentage of infected colonies at site 1 decreased considerably, but worker prevalence in infected colonies remained nearly the same (Table 1) . In 2000, 67% of the colonies in site 4 were infected with T. solenopsae, but none of the colonies at this site were infected in 2001. As in the previous year, in 2001 there was no signiÞcant difference between the mound volume of infected colonies and uninfected colonies at either site 1 or site 3 (Table 1 ; Site 1: t ϭ Ϫ1.2125, df ϭ 31, P ϭ 0.269; Site 3: t ϭ Ϫ1.572, df ϭ 21, P ϭ 0.131). The volume of all mounds was smaller in 2001 than in 2000 (Table 1) .
Camp Maxey. A minimum of 20 samples was collected from each of four sites, and one of the four sites tested positive for T. solenopsae (Table 2 ). Colonies at sites 1, 3, and 4 were not infected with microsporidia. At site 2, 10 of 20 colonies were infected with T. solenopsae. Worker prevalence ranged from 11 to 43%. There was no signiÞcant difference between the mound volume of infected colonies and uninfected colonies (Table 2 ; t ϭ Ϫ0.208; df ϭ 18; P ϭ 0.837).
The density of Þre ant mounds was much less in 2001 than in 2000 at sites 1, 2, and 4; and Þre ants were completely gone from site 3. The largest number of samples collected was 15 at the new site 5. T. solenopsae was still present at site 2 a year after the initial sampling. However, only one colony was infected, whereas in 2000, 50% (10 of 20) of the colonies were infected (Table 2) . At site 5, 3 of 20 colonies were infected with T. solenopsae, and the worker prevalence ranged from 3 to 40%. There was no signiÞcant difference between mound volume of infected and uninfected colonies (Table 2 ; t ϭ Ϫ1.126, df ϭ 13, P ϭ 0.281).
The fact that there was no signiÞcant difference in mound volume between infected and uninfected colonies at Fort Wolters and Camp Maxey was surprising given that Briano et al. (1995a) found that colonies of S. richteri infected with T. solenopsae were substantially smaller than healthy colonies. However, there are some problems in using mound volume to reßect colony size in Texas. Generally, a signiÞcant rainfall will wash away above ground colony structures, but Texas has been experiencing a severe drought. Even if colony size is being reduced by microsporidia infection, if there is no rainfall to wash away above ground structures, mound volume can give the inaccurate impression that the colony is large. I attempted to measure only the active portion of mounds, but I also tried to sample with a minimum of disturbance. Usually the active portion of the mound is very visible, but in many cases, mounds had no visible fresh workings so I may have overestimated mound volume by measuring inactive portions of the mound.
Another difÞculty in conducting Þeld studies with Þre ants is that with increasing age, it is difÞcult to determine the age of individual colonies (Tschinkel 1988) . Healthy incipient colonies are likely to be smaller than infected mature colonies, nor is there any way to determine the age of the microsporidian infection.
Intracolonial prevalence of T. solenopsae has been observed in excess of 85% (Briano et al. 1996; unpublished data) , but in the samples from Fort Wolters and Camp Maxey, worker prevalence never exceeded 36%. All samples for this study were collected in late spring, so it is possible that heavily infected colonies did not survive the winter, and the observed prevalence represented young infections. Long-term monitoring of parasite population dynamics and colony size is needed to accurately determine impact of microsporidia infection in the Þeld.
Camp Bowie. Following an exhaustive search of this base, only two areas, both near permanent bodies of water, were found to contain S. invicta. A minimum of 30 samples was collected from each of these sites in June 2000, but none of the colonies were infected with T. solenopsae. Because of Texas Army National Guard scheduling conßicts, I was unable to return to Camp . a There were no signiÞcant differences between mound volume of infected and uninfected colonies at the sites harboring T. solenopsae infection.
b There was only one infected colony in this plot.
Bowie during summer 2001. Camp Bowie is near the western boundary of the Þre ant invasion in Texas and therefore, Þre ants have probably only been in this region for a few years. Camp Bowie should thus be an excellent target for using T. solenopsae in a control project because I believe there is a greater chance at achieving control if the Þre ants can be stressed early during their invasion of the habitat. Camp Swift. During the 24-mo study period, nine sets of samples were collected from the positive site, and Þve sets of samples were collected from the negative site at Camp Swift. From July 1999 to June 2000, there were consistently fewer mounds in the infected plot (Fig. 1) . However, there was not a signiÞcant difference in average mound density between the infected and uninfected plots (30 and 36.4 mounds respectively; t ϭ Ϫ1.053, df ϭ 8, P ϭ 0.323). The mean volume of all infected mounds was signiÞcantly less than the mean volume of uninfected mounds (2308.5 cm 3 and 5700.6 cm 3 respectively; t ϭ Ϫ3.991, df ϭ 146, P Ͻ 0.001). Fig. 2 illustrates the differences between mound volume of infected and uninfected colonies from each of the nine samples. These results are consistent with those of Briano et al. (1995a) and, as suggested by them, may be indicative of a detrimental effect of T. solenopsae infection on colony size and/or worker activity.
It proved difÞcult to keep track of individual colonies over time, and the total number of mounds in the infected plot ßuctuated only slightly during the course of the study (Table 3) . However, all of the infected colonies occurred within 10 Ð15 m of the eastern edge of this plot, which was bordered by a row of juniper trees. At the start of the study, there were 20 mounds in this area of the plot, but by the end of the study, there were only 9, suggesting that infection with T. solenopsae eliminated some colonies.
Intercolonial prevalence at the positive site was variable between sampling dates (Table 3 ). In the initial sample in July 1999, 47% of Þre ant colonies were infected. There was a fairly steady decline from this high to October 2000, when only 11% of colonies were infected. Since October 2001, the number of infected Þre ant colonies has risen slightly. Worker prevalence was much less variable than intercolonial prevalence (Table 3) , and over the course of the study period was always Ͼ20%. There was no relationship between the proportion of infected colonies and precipitation 30 d before sampling (y ϭ 24.940 Ð 0.308x; r 2 ϭ 0.03; F ϭ 0.197; df ϭ 1, 7; P ϭ 0.671). This is inconsistent with the Þndings of Briano et al. (1995c) , who reported a positive relationship between precipitation and intercolonial prevalence. There was also no relationship between the proportion of infected colonies and average daily temperature 30 d before sampling (y ϭ 18.566 ϩ 0.0544x; r 2 ϭ 0.004; F ϭ 0.031; df ϭ 1, 7; P ϭ 0.865). There was a positive relationship between intercolonial prevalence and mound density within the positive plot at Camp Swift ( Fig. 3 ; y ϭ 15.65 ϩ 0.525x; r 2 ϭ 0.609; F ϭ 10.908; df ϭ 1, 7; P ϭ 0.013). This also is inconsistent with the Þndings of Briano et al. (1995c) , who reported a weak negative association between mound density and the proportion of infected colonies within a plot.
The lack of a relationship between intercolonial prevalence and climatic conditions provides evidence that the persistence of T. solenopsae infections will not be negatively affected by the hot, dry summers of central and east Texas. In fact, intercolonial prevalence was highest at midwinter and midsummer (Table 3).
This study demonstrates that at least at Camp Swift, T. solenopsae is affecting the S. invicta population as suggested by a reduction in the mound volume of infected colonies. This combined with the fact that it does not appear to be negatively affected by temperature and precipitation makes it an excellent candidate organism for the biological control of red imported Þre ants.
